Abstract: This article elaborates on the development of a dedicated model of a tacit knowledge transformation for the service department in a manufacturing company. The four main components of the tacit knowledge transformation process are formulated: (1) tacit knowledge source identification, (2) tacit knowledge acquisition, (3) tacit knowledge determination and formalization, and (4) knowledge classification. The proposed model is illustrated by examples on the use of the methods: automatic recognition of speech, natural language processing, and automatic object recognition in the tacit knowledge transformation process in order to obtain a formalized procedure for the service department in a manufacturing company. This is followed by a discussion of the results of the research experiments.
Introduction
The knowledge management process in companies is now becoming one of the key processes determining the achievement of competitive advantage in the market. This knowledge is procedural in nature ("know how") or declarative ("know what") (Piotrowska, 2012). Alternatively, it is also possible to distinguish between explicit and/or tacit knowledge in a company. Explicit knowledge usually takes a structured form; the process of explicit knowledge management is currently supported by Information and Communications Technology (ICT), for example, data warehouses, CRM systems, electronic data interchange systems -Electronic Data Interchange (EDI) or Enterprise Resource Planning (ERP) (Kwasek, 2016) . Tacit knowledge is most frequently identified with company employees.
Tacit knowledge is claimed to be the main asset of the company, and therefore, businesses should seek to develop and implement procedures that will allow to carry out the process of converting tacit knowledge into explicit knowledge. The process of conversion comprises the following steps:
(1) identification of the sources of tacit knowledge, (2) the acquisition of tacit knowledge, (3) a formal recording of tacit knowledge, and (4) the classification of the acquired knowledge. This article undertakes the problem of designing and implementing a model of converting tacit knowledge into explicit knowledge in the service department in a manufacturing company. The data comprise sources of tacit knowledge in the service department, as well as acquired knowledge hidden from these sources. On the other hand, at our disposal are the methods of converting tacit knowledge into explicit knowledge, for example, the technology of automatic speech recognition (ASR), the technology of natural language processing (NLP), and the technology of automatic object recognition (AOR). The answer to the following question is sought after: Is there among the considered methods supporting the conversion of tacit knowledge into explicit knowledge such one whose application guarantees, at a specific time, obtaining a formalized procedure based on tacit knowledge in the service department of a manufacturing company?
The purpose of this article is, therefore, to introduce the concept of a model converting tacit knowledge into explicit knowledge in the service department of a manufacturing company and to present the re-search experiments using the method of automatic voice recognition as a means of obtaining a formalized procedure for customer service in the company.
The methods for tacit knowledge transformation -theoretical background
To characterize the processes of an explicit and a tacit knowledge acquisition, the concept of the so-called spiral of knowledge (Nonaka, Takeuchi, 2000) can be applied, whereby the cycle is represented by the following processes: socialization of tacit knowledge, its externalization to non-formal explicit variety, codifying and sharing the newly created explicit knowledge, and internalization, that is, the acquisition of new knowledge by employees. The basis of this cycle is the distribution of tacit knowledge between individuals, and its transformation into an explicit form  processes that are fundamental for the field of knowledge acquisition (KA). It is a multidisciplinary and dynamic field of science, whose most important stages are acquisition of knowledge from a human expert, interpretation of the acquired knowledge, and constructing a model of knowledge (Boose, 1989) .
Two levels of defining tacit knowledge are worth noticing. This is clearly emphasized by (Faust, 2007) , whereby the author indicates a tacit knowledge so obvious to the holders that they find it unnecessary to disclose, and a knowledge rooted in practice, experience, beliefs, and intuition, but expressed in the professionalism and practical skills. While in the first case, the revealed gap in knowledge can be easily captured by the recipient, for whom this knowledge is not obvious; in the second case, the problem lies in the difficulty to grasp the essence of this knowledge, and thus effectively indicate the method of acquiring it. The process of KA may be either explicit and direct in character (conducting training) or implicit (observation, monitoring, imitation) (Wyrębek, 2013) , and its effectiveness is dependent on both the techniques used and the creation of such mechanisms within the corporation that allow developing trust between employees, thus increasing their willingness to share knowledge, experience, and skills (Ziółkow-ski, 2015).
However, the introduction of a well-tailored motivational system for sharing knowledge in the organization will not suffice for effective externalization of tacit knowledge. In situations where employees will additionally be required to record their knowledge, a natural resilience will occur resulting from the necessity of an extra workload that they would have to perform. It is, therefore, recommended to use such solutions that would automate the process of extraction and transformation of tacit knowledge, thus engaging the employees in a minimum measure.
In the manufacturing company considered here, the acquisition of tacit knowledge from the employees of the service department is based on the method of teacher observation and the simultaneous audit of knowledge. In order to carry research experiments, the process of performing the selected tasks by the service personnel has been recorded using audio-video and then analyzed. This approach allowed the employees to perform standard tasks without engaging them in other duties.
For the purpose of designing and carrying out the procedure of converting the acquired tacit knowledge, the technology of ASR was applied. Initially, the solutions for the ASR class were restricted to individual sounds or syllables (Davis, et al., 1952; Furui, 2005 (Jelinek, 1985) , dynamic Bayesian network (Zweig and Russel, 1998; Mermon, 2011) , or neural networks (Hinton, et al., 2012) . By using the so-called speech corpora, the ASR class systems recognize sequences of words in dictated utterances more effectively (Przepiórkowski, et al., 2012) . The increasing efficiency of the ASR techniques helped to introduce a number of commercial solutions also for the combination of spontaneous speech recognition in conjunction with the detection of objects in the audio-visual material, for example, voice search (Lundy, 2016) or Cisco pulse video analytics (Cisco, 2012 To become sources for acquiring knowledge, the documents obtained through voice recognition must be treated by the techniques known as NLP. In principle, they are used for linguistic analysis, and subsequently for the representation of texts in word processing similar to the approach used by humans. It should be noted here that in spite of the continuous development of NLP, the techniques encounter a number of problems, such as inflexion and ambiguity occurring in different languages. Two approaches are used here:
• Deep text processing: It is based on linguistic analysis of all the interpretations and collocations present in a natural text (Goth, 2016; Kambhatla, Zitouni, 2013 ).
• Shallow text processing: It is a statistical analysis, identifying the main parts of sentences, proper names, or noun compounds (Hernes, et al., 2015) .
In the presented model of knowledge transformation, we assume the use of statistical NLP tools (Yang, Liu, 1998) and language corpora to assist in the classification of the identified fragments of recordings as applicable in the pre-existing service procedures. Additionally, we assume the possibility of applying the AOR class solutions for identifying objects in the recorded material.
AOR is one of the most important aspects of computer image analysis. As a starting point, a range of solutions based on the analysis of a single input image should be indicated, including Bayesian classifiers (Boiman, et 
A model of a tacit knowledge transformation for the service department in a manufacturing company: a model TKT-SDMC
The proposed TKT-SDMC model consists of four elements: (1) identification of sources of tacit knowledge, (2) acquisition of tacit knowledge, (3) introduction of a formalized record of tacit knowledge, and (4) classification of the acquired knowledge. This article attempts to present the third stage of the model, that is, to carry out the conversion process of the already acquired tacit knowledge in the service department of a production company into explicit knowledge.
The service department considered in this article deals with the service inspection of manufactured products as part of scheduled maintenance, the removal of defects or abnormalities detected during these procedures, and carrying out contracted repairs that occurred during the warranty period of the product, and after its expiry date. These tasks are performed by specialists from different fields (mechanics, automatic technicians, sprayers, electricians, and others) who have both different levels of expertise and the so-called general knowledge.
The experience of the manager cited in the example with the service department indicates that the tendency to formalize his knowledge depends, on the one hand, on the applied motivational methods, and on the other, on the level of educational background. In most cases, managers operate on the basis of pre-established service procedures.
Each procedure consists of several steps. The schematic diagram in Fig. 1 shows an example of a maintenance procedure, on whose basis the procedure of balancing a wheel mounted on a serviced vehicle is conducted. For the purposes of the experiment, the course of this task has been recorded and then analyzed by one of the service personnel. As a result of this analysis, one can identify the additional steps performed by the serviceman, which the procedure failed to anticipate. The diagram in Fig. 2 shows the result of this experiment, where a different color highlights those actions that needed to be performed due to technician's tacit knowledge. In the case of the action marked (1), the basis for its completion was deeply hidden expertise resulting from the technician's experience -in this case, the "loosening" of bolts before lifting the vehicle facilitates their unscrewing. In the case of the action marked (2), we are dealing with a situation where the action does not require to be included in a formal procedure. However, the omission of action (2) will result in an abnormal completion of the procedure.
A According to the accepted stages in the TKT-SDM model, in step (1), the identification of the sources of tacit knowledge: sources of tacit knowledge have been defined (Dudek, Patalas-Maliszewska, 2016 )  the precise source in the analyzed service department:
• technician -w u1
• operations manager / work organizer -w u4
• user -w u5.2
• design department worker -w u7.2
• production worker -w u7.3
• component supplier's worker -w u7.4
• user of the product -w u12
Then, according to step (2), the acquisition of tacit knowledge of the TKT-SDM model, an attempt has been made to find a solution supporting the acquisition of significant tacit knowledge through detecting instances of individual servicing actions. We obtained tacit knowledge from technician -wu1 using audio-video recordings. The basis for the carried out experiments is the utterance of an expert, whose task is to report the ongoing activities.
As part of stage (3), introduction of a formalized record of tacit knowledge of the TKT-SDM model, an ASR solution has been used to convert the recorded voice commentary to a text form. The resulting text will be tested in the next step by means of statistical language analysis to extract its most important features. In addition, to strengthen the credibility of this process, the technique of detecting objects in an image will be used. If, in the analyzed fragment, it will be possible to detect the objects referred to in the recognized text, that will be an important factor supporting the final classification of the analyzed fragment.
To present the assumptions of the proposed model in practice, an experiment was conducted based on 17 audio-video recordings of service procedures relating to vehicle braking systems. For the purposes of the experiment, different length recordings have been selected, in which various service procedures have been recorded, whose common element was, however, the operation of disassembling and subsequent reassembling of brake pads.
In order to receive a verbal record of the registered utterances, we used the Google Speech API software, and then conducted its statistical analysis to define the characteristics of the test set of recordings. The documents obtained on the basis of the recordings have been analyzed assuming the omission of conjunctions, prepositions, and pronouns, as well as inflection forms.
As a result, we obtained unigrams for the most common words for the entire set of documents and frequency distributions of their manifestations in individual recordings.
A detailed description of the experiment and its results are shown in Chapter 4.
An example of the implementation of a TKT-SDMC model
The process of tacit knowledge transformation in a TKT-SDMC model is based on a technique of ASR. Tacit knowledge has been obtained from the employees of the service department of a production company through the use of the methods of teacher observation and audit knowledge and audio-video recordings. During the recording, a service technician, as a source of tacit knowledge, describes in words all the actions he performs in the execution of the task. To verify the applicability of this approach, an attempt has been made to recognize the text from the recordings and from statistical analysis of obtained documents. To objectify the process, 17 recordings have been selected, which documented the course of various service procedures on the vehicle suspension system. Disassembling brake pads X X X X X X X X X X X X X X X X Disassembling brake calipers X X X X X X X X X X Disassembling brake discs X X X X X X X X X X Disassembling the hub and bearings X Hub and bearing assembly X Installation of brake disc X X X X X X X X X X Installation of calipers X X X X X X X X X X X Installation of brake pads X X X X X X X X X X X X X X X X X A Model of a Tacit Knowledge Transformation for the Service Department in a Manufacturing Company . . . 181
For further investigation, the following tasks in the service department have been selected (marked by numbers from 1 to 17):
• regeneration of brake calipers -film 1,
• replacement of front brake pads -films 2 to 4,
• replacement of rear brake pads -films 5 to 7,
• replacement of wheel bearings -film 8,
• replacement of brake discs and brake pads  films 9 to 17. Table 1 shows the service operations that have been presented in various recordings (X is an instance of a service operation in the selected recording).
As shown in Table 1 , each represented service procedure included the removal of brake pads, regardless of whether it was its direct aim or merely an indirect activity. The aforementioned recordings have been processed using automatic recognition technology in order to obtain verbal recordings, which have been subsequently statistically processed to extract their characteristics. For the purpose of extracting the verbal notation from the video recordings, Google Speech API software has been used. It is one of the few universal solutions with acceptable performance in the area of the Polish language. Table 3 shows the numbers of recognized words in individual recordings in relation to their length and the cumulative quality ratios shown in Table 2 . Table 3 shows that neither the length of the recording nor its quality factor do not directly affect the number of recognized words. However, from the two characteristics, the quality factor of the analyzed material plays a more significant role. In the presented model, acquiring knowledge in the service department is a key problem, since, in a service station practice, the quality of the audio recording and the amount of interference (noise) is changing very rapidly.
The documents obtained in this way have been put under a statistical, shallow analysis of the text, in order to acquire their vector representations. For its purposes, a dedicated assistant application has been prepared. The core of this model is the representation of documents through vectors, where for each word or string of words found in the analyzed set of documents, a measure of significance is indicated. In most cases, that measure is the frequency of occurrence. An analysis of the frequency of occurrence of particular words in the analyzed set of documents, including all 3,070 that have been recognized, has been conducted. Table 4 summarizes the frequencies of the most common words. As shown in Table 4 , a statistical analysis of documents in full original wording does not produce representative results due to the nature of the Polish language  rich with prepositions, conjunctions, and pronouns, which carry no useful information. Therefore, in the analysis, the so-called stop lists containing these parts of speech for the Polish language were included. At the same stage, the analysis excluded words shorter than four characters, treating them as unimportant or as a result of errors in the operation of ASR.
Given these assumptions, the set was limited to 2,632 words. The results of the renewed analysis are shown in Table 5 .
A Model of a Tacit Knowledge Transformation for the Service Department in a Manufacturing Company . . . 183 Further analysis of the results shows another Polishspecific problem with NLP solutions related to inflection. As a result, one word is represented by a few grammatical forms, which disturbs the frequency analysis. Therefore, the application created for this study has been supplemented by a dictionary of Polish language along with the inflection forms for individual words. This dictionary was built on the basis of a set developed within Dictionary SJP.PL project (Słownik języka polskiego, 2016). The dictionary contains 189,573 words and 3,562,734 corresponding inflection forms. Table 6 summarizes the results of the numerousness analysis of individual forms of basic words, with the same as in Table 5 selection criteria. Thanks to the dictionary, the range of different basic forms has been limited to 1,743 words. For the words with the highest incidence shown in Table 6 , we delineated unigrams of occurrence in each studied file. A unigram includes the numbers of instances of chosen words in each of the analyzed documents. The graphical representation of the unigram for the analyzed set of documents is shown in Fig. 3 .
The unigram presented in Fig. 3 allows to determine the level of significance (based on the numerousness of instances) of individual words in the analyzed set of documents, and thus make an attempt to determine a model of a document specific for the presented issue, assuming that the significance distribution of the words in all the documents is similar.
In the next stage of the analysis, we determined the distributions of the frequency of most numerously represented word occurrences in individual documents, which have been presented in Fig. 4 and 5.
In both cases, we used intervals with a width of 10, which means one-tenth of all the words in a document. The study of the results fails to determine unambiguously the characteristics of the analyzed set of documents.
While for the word "hamulcowy," a regularity can be observed that in most documents it dominates in one interval of the length of the document, in the case of the word "klocek," such regularity is impossible to determine. This is the consequence of the distribution of the content in individual recordings. On the one hand, they are diverse in terms of length, on the other in terms of "the approach to the presentation" of knowledge by specialists, which can be divided into two types:
• I say what I am going to show  I show  I summarize,
• I say and show  I say and show. The distribution of occurrence for the word "pad" (klocek)
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Based on the acquired unigrams, further analyses will deal with defining the set of words/sentences describing a given service operation performed by an employee, which make up the sought-after formal procedure in the service department of a production company.
Based on the occurrence distribution of single words or groups, it is possible to preliminarily indicate the sections relating to individual service operations (implementation of phase (4)  the classification of the acquired knowledge in TKT-SDMC model). Subsequently, the acquired fragments of the procedures should be accepted by an expert in a given department of the company.
Conclusions
The presented model of the transformation of tacit knowledge into an explicit form in the service department of the production company, the TKT-SDMC model, is based on the concept of using the mechanism of ASR followed by an extraction of characteristics of the acquired recordings, aided by the detection of objects in video recordings. A review of up-to-date methods of acquiring knowledge has been presented, and the model of acquiring significant tacit knowledge for individual service operations making up the service procedures has been proposed. The results of a research experiment, consisting in processing 17 selected recordings of various service procedures through the ASR mechanism have been shown, followed by a statistical analysis of the collected set of documents. The analysis of the results allows to claim that the attempt to build a standard model for the recordings of everyday workshop practice, merely on the basis of a simple statistical analysis, is impossible. In further study, it is planned to carry out a thorough examination of the impact of noise on the effectiveness of speech recognition and an in-depth analysis of thus obtained documents based on the study of the meaning of words and phrases, in order to obtain a formal procedure on the grounds of tacit knowledge for the service department in a manufacturing company. The distribution of occurrence for the word "brake" (hamulcowy)
